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(54) Optical sampling waveform measuring apparatus with high bandwidth 



(57) A nonlinear optical crystal (1 0) is composed of 
2-adamantyl-5-nitorpyridine (AANP) allowing the type 2 
phase matching to the sampling light and a measuring 
object light, emitting a sum frequency light of the meas- 
uring object light and the sampling light, with the polar- 
ization directions thereof being perpendicular to each 
other, when the sampling light and measuring object 
light multiplexed by a multiplexer (3) are entered. When 



the sum frequency light is emitted through the nonlinear 
optical crystal (10), a control portion (2, 5) controls the 
polarization direction of the sampling light so as to be 
parallel to a predetermined reference axis located within 
a plane perpendicular to a phase matching direction of 
the nonlinear optical crystal. The predetermined refer- 
ence axis is a single axis maintaining parallelism with 
the crystal axis of the nonlinear optical crystal even if 
the wavelength of the inputted light is changed. 
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Description 

[0001] The present invention relates to an optical 
sampling waveform measuring apparatus and more 
particularly to an optical sampling waveform measuring 5 
apparatus aiming at a wider band when measuring an 
optical pulse waveform of an optical signal used for an 
optical communication and the like with a sum frequency 
generation light (SFG light). 

[0002] Generally, when constructing a new optical 
communication system, manufacturing a new optical 
transmission apparatus or inspecting such optical com- 
munication system and optical transmission apparatus 
periodically, it is important to measure a pulse waveform 
of a digital optical signal to be transmitted/received in 
order to grasp the quality of the optical communication. 
[0003] In recent years, transmission velocity of infor- 
mation in optical communication has been increased 
and currently, high-speed optical transmission of 10 
Gbit/s or more has been planned. 
[0004] Jpn. Pat. Appln. KOKOKU Publication No. 
6-63869 has disclosed an optical sampling waveform 
measuring apparatus for measuring an optical pulse 
waveform of high-speed optical signals of more than 1 0 
Gbit/s with the sum frequency generation light. 
[0005] FIGS. 7A, 7B and 70 and FIGS. 8A and 8B 
explain the measuring principle of the optical sampling 
waveform measuring apparatus disclosed in this Jpn. 
Pat. Appln. KOKOKU Publication No. 6-63869. 
[0006] For example, if a measuring object light "a" 
having repetition frequency "f" of the pulse waveform of 
measurement object and a sampling light "b M having a 
pulse width by far narrower than the pulse width of the 
measuring object light "a" and having a repetition fre- 
quency (f-Af) slightly lower than the repetition frequency 
"f of the measuring object light "a" are entered into a 
nonlinear optical material 1 allowing type 2 phase 
matching to the measuring object light "a" and the sam- 
pling light "b" simultaneously, only when the two lights 
"a" and "b" overlap each other at the same time, a sum 
frequency light M c" proportional to a product of the inten- 
sities of these two lights "a" and "b" is outputted from 
the nonlinear optical material 1 . 
[0007] Because the repetition frequency of this sum 
frequency light "c" is the repetition frequency (f-Af) of the 
sampling light "b", response velocity of a photo-electric 
converter which converts this sum frequency light "c" to 
an electric signal only has to be higher than the repeti- 
tion frequency (f-Af). 

[0008] Further, because the time resolution of this 
photo-electric converter is determined depending on the 
pulse width of the sampling light "b M , if the envelope 
waveform of this electric signal is obtained after the sum 
frequency light "c" is converted to an electric signal by 
means of this photo-electric converter, the shape of the 
envelope of this electric signal is an optical pulse wave- 
form "e" of the measuring object light H a M enlarged on 
time axis. 



[0009] Next, the sum frequency light and phase 
matching will be described below. 
[0010] If the measuring object light V having an an- 
gular frequency coq and the sampling light "b" having an 
angular frequency o>s are entered into one face of the 
nonlinear optical material 1 such that the polarization 
directions thereof are perpendicular to each other as 
shown in FIG. 8A, in a condition that the nonlinear opti- 
cal material 1 allows the type 2 phase matching to two 
lights "a" and u b", the sum frequency light "c" having a 
sum angular frequency (0)3 + Wq) is outputted from the 
other face of the nonlinear optical material 1 . 
[001 1 ] The phase matching refers to it that the velocity 
(phase velocity) of each incident light entered into the 
nonlinear optical material 1 and the velocity of harmonic 
light to the incident light like the sum frequency light ex- 
cited by the incident light coincide with each other in the 
crystal of the nonlinear optical material 1 . 
[0012] Then, the type 2 phase matching refers to 
phase matching which is executed when the polariza- 
tion directions of two incident lights are perpendicular to 
each other. 

[0013] Meanwhile, the type 1 phase matching refers 
to phase matching which is executed when the polari- 
zation directions of two incident lights agree with each 
other. 

[001 4] The velocity of light advancing within the non- 
linear optical material 1 differs depending upon the 
wavelength (frequency) and the advance direction to a 
crystalline axis. 

[0015] Thus, for the velocity (phase velocity) of each 
incident light described above within the crystal and the 
velocity (phase velocity) of the sum frequency light with- 
in the crystal to coincide with each other, when the di- 
rection connecting an intersection between a refractivity 
ellipsoid of the incident light and a refractivity ellipsoid 
of the sum frequency light within the three-dimensional 
coordinates of the crystal is regarded as phase match- 
ing direction, the optical axis of each incident light de- 
scribed above is matched with the phase matching di- 
rection. 

[0016] Further, the polarization direction of each inci- 
dent light only has to be parallel to or perpendicular to 
the reference axis of a crystal existing within a plane at 
right angle to the phase matching direction. 
[0017] More specifically, the nonlinear optical material 
1 is cut out in the form of a rectangular pipe or cylinder 
having a plane perpendicular to that phase matching di- 
rection. 

[0018] Currently, as such a nonlinear optical material 
1, KTP (KH 2 , P0 4 ), LN (LiNb0 3 ), LT (LiTa0 3 ), KN 
(KNb0 3 ) and the like are available. 
[0019] FIG. 9 is a block diagram showing the sche- 
matic structure of a conventional optical sampling wave- 
form measuring apparatus including the nonlinear opti- 
cal material 1 allowing the type 2 phase matching. 
[0020] The measuring object light "a" having the rep- 
etition frequency T of a pulse waveform under the an- 
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gular frequency cdq of light entered from outside is con- 
trolled in terms of its polarization direction to 90° with 
respect to the reference direction (0° direction) by a po- 
larization direction controller 2 and after that, entered 
into a multiplexer 3. 

[0021] On the other hand, a sampling light source 4 
outputs the sampling light "b" having the repetition fre- 
quency (f-Af) of a pulse waveform under the angular fre- 
quency u)s different from the angular frequency cop of 
the aforementioned measuring object light "a". 
[0022] As shown in FIG. 7B, the pulse width of this 
sampling light n b" is set by far narrower than the pulse 
width of the measuring object light "a". 
[0023] After the polarization direction is controlled to 
for example, the reference direction (0° direction) by 
means of a polarization direction controller 5, the sam- 
pling light M b B outputted from the sampling light source 
4 is entered into the multiplexer 3. 
[0024] The multiplexer 3 comprised of for example, a 
beam splitter (BS) allows the incident light to advance 
straight through a half mirror 3a and reflects it at right 
angle. 

[0025] Therefore, the sampling light "b M having a po- 
larization direction, which is the reference direction (0° 
direction) and the measuring object light "a" having a 
polarization direction which is at 90° with respect to the 
reference direction (0° direction) are entered into one 
face of the nonlinear optical material 1 which allows type 
2 phase matching, disposed behind this multiplexer 3 
and located on the optical axis of the sampling light M b M 
at the same time. 

[0026] Consequently, a sum frequency light M c" hav- 
ing an angular f req uency (o) s + <Dq) is outputted from the 
other face of the nonlinear optical material 1 of type 2. 
[0027] The sum frequency light "c" outputted from the 
nonlinear optical material 1 is entered into a light receiv- 
er 7 through an optical filter 6. 

[0028] Light outputted from the nonlinear optical ma- 
terial 1 contains light (sum frequency light "c") having 
the sum angular frequency (cd s , (Oq) of the frequencies 
a) s and (Oq of the aforementioned two lights "a and "b", 
lights having angular frequencies 2a) s and 20^, which 
are twice the respective angular frequencies 03 and odq 
although minute, and lights having the respective angu- 
lar frequencies a> s and wq which are not converted. 
Therefore, the components having these angular fre- 
quencies 2(D S , 2COQ, u)s and (*>□ with the optical filter 6. 
[0029] Then , the light receiver 7 converts the sum fre- 
quency light "c" to the electric signal "d" and transmits 
it to an electric signal processing system 8 on a next 
stage. 

[0030] This electric signal processing system 8 cre- 
ates an optical pulse M e" of the measuring object light 
"a" enlarged in time direction according to the above- 
described method from an electric signal "d" having the 
same waveform as the entered sum frequency light M c" 
shown in FIG. 7C and displays it on a display unit 9. 
[0031] However, the conventional optical sampling 



waveform measuring apparatus shown in FIG. 9 has a 
following problem to be solved. 
[0032] In order to improve the measuring accuracy of 
the optical pulse "e" in the optical sampling waveform 

5 measuring apparatus for measuring the optical pulse 
waveform w e M of the measuring object light using the 
sum frequency light n c" generated from the aforemen- 
tioned nonlinear optical material 1 , it is necessary to im- 
prove generation efficiency of the sum frequency light 

10 "c" generated from the nonlinear optical material 1 so 
as to improve the S/N ratio of the sum frequency light V. 
[0033] More specifically, if the intensity of the sum 
frequency light "c" is assumed to be P SFG and the 
intensities of the measuring object light "a" and the 

15 sampling light "b" are assumed to be P S j G , P S am» tne 
intensity P SFG of the sum frequency light "c" is 
expressed with a following expression: 

20 P SFG = "n* R SIG* P SAM 

where tj is a nonlinear conversion efficiency constant 
which is automatically determined depending on the 
kind and material of the nonlinear optical material 1 to 

25 be adopted. 

[0034] As the nonlinear optical material 1 having a 
high nonlinear conversion efficiency constant r\, KTP, 
LN, KN and the like, which are the aforementioned in- 
organic nonlinear optical material 1 , are employed. 

30 [0035] However, to measure the optical pulse wave- 
form within a single repetition cycle of the measuring ob- 
ject light having a repetition frequency of about several 
tens GHz, the S/N ratio of the sum frequency light needs 
to be 3 dB or more. 

35 [0036] Thus, development of the nonlinear optical 
material 1 having a high nonlinear conversion efficiency 
constant r\ has been demanded. 
[0037] As the nonlinear optical material which satis- 
fies these demands, Jpn. Pat. Appln. KOKAI Publication 

40 No. 9-159536 has disclosed an optical sampling wave- 
form measuring apparatus employing 2-adamantyl- 
5-nitropyridine (hereinafter referred to as AANP) which 
is not inorganic but organic nonlinear optical crystal. 
[0038] Here, the nonlinear conversion efficiency con- 

45 stant T| of the AANP, which is an organic nonlinear opti- 
cal crystal, is on the order of to* 2 which is by far higher 
than the nonlinear conversion efficiency constant r\ on 
the order of 10~ 4 of KTP, LN, LT, KN and the like which 
are the aforementioned inorganic nonlinear optical ma- 

50 terials. 

[0039] Therefore, if the AANP which is an organic 
nonlinear optical crystal is employed for the optical sam- 
pling waveform measuring apparatus as the nonlinear 
optical material, the S/N ratio of the sum frequency light 
55 emitted from this AANP is improved, so that finally, the 
measuring accuracy for the optical pulse waveform is 
also improved. 

[0040] However, even the optical sampling waveform 
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measuring apparatus employing the AANP nonlinear 
optical crystal still has a following problem, which should 
be solved. 

[0041] That is, a main measuring object light, which 
is subject to measurement with the optical sampling 
waveform measuring apparatus, is optical signal in an 
optical communication system. 
[0042] Currently, the optical communication system 
has begun to use not only C band (1530 to 1565 nm) 
but also L band (1570 to 1610 nm) in order to aim at 
increase of transmission capacity. 
[0043] Thus, a necessity of measuring optical signals 
in such a wavelength range of C band and L band occurs 
in the optical sampling waveform measuring apparatus 
also. 

[0044] The AANP nonlinear optical crystal has such 
a problem that although its nonlinear conversion effi- 
ciency is high as described above, according to the con- 
ventional technology, the 3 dB band capable of gener- 
atingthe SFG light is about 40 nm, which is 1 535 to 1 575 
nm (reported in ECOC '96 ThB, 1 .2) while no SFG light 
can be obtained in a wide band of 80 nm including the 
L band. 

[0045] This reason is that if the measuring object 
wavelength changes from its initial condition even if the 
sampling wavelength is fixed, inconsistency in phase 
matching occurs rapidly so that the efficiency of conver- 
sion of the measuring object light and sampling light to 
the sum frequency light drops. 

[0046] Because actually, the optical sampling wave- 
form measuring apparatus defines the amplitude of a 
measurement value by the measuring object wave- 
length to be 3 dB, the measuring band based on the prior 
art is limited to 40 nm. 

[0047] For the reason, if it is intended to measure a 
measuring object light in a band of 40 nm or more, it is 
necessary to prepare a multiplicity of the AANP nonlin- 
ear optical crystals corresponding to the band of the 
measuring object wavelength. 
[0048] Further, the wavelength of the sampling pulse 
in the optical sampling waveform measuring apparatus 
needs to be switched between the C band and the L 
band. 

[0049] For example, inconveniently, when measuring 
the C band, the sampling pulse wavelength is set to 
1555 nm and when measuring the L band, it is set to 
1590 nm and then, sampling is carried out through the 
AANP nonlinear optical crystal cut out corresponding to 
each wavelength. 

[0050] Therefore, if it is intended to measure the C 
band and the L band, at least two optical sampling wave- 
form measuring apparatuses need to be prepared cor- 
responding to each band, which provides an important 
problem from viewpoint of cost performance. 
[0051] The present invention has been achieved in 
views of the above-described problems and therefore, 
an object of the invention is to provide an optical sam- 
pling waveform measuring apparatus in which by apply- 



ing a specific phase matching condition to the AANP 
which is a nonlinear optical crystal for generating a sum 
frequency light of the sampling light and the measuring 
object light, the 3 dB band width of the sum frequency 

5 light generation efficiency is increased twice or more so 
as to possess a measuring object band of 80 nm or more 
thereby achieving a wider band. 
[0052] To achieve the above described object, ac- 
cording to a first aspect of the present invention, there 

10 is provided an optical sampling waveform measuring 
apparatus comprising: 

a sampling light source (4) which emits a sampling 
light (b) having a single polarization direction whose 
'5 pulse width is smaller than that of an inputted meas- 
uring object light (a) having a single polarization di- 
rection; 

a multiplexer (3) which multiplexes the sampling 
light emitted from the sampling light source and the 
20 measuring object light on the same optical axis such 
that the polarization directions thereof are perpen- 
dicular to each other; 

a nonlinear optical crystal (1 0) composed of 2-ada- 
mantyl-5-nitorpyridine (AANP) allowing type 2 
25 phase matching to the sampling light and the meas- 
uring object light, which, when the sampling light 
and the measuring object light multiplexed by the 
multiplexer are entered, emits a sum frequency light 
(c) of the sampling light and the measuring object 
30 light, the sum frequency light having a sum angular 
frequency + u) S , based on the measuring object 
light having an angular frequency wq and the sam- 
pling light having an angular frequency a> s , with the 
polarization directions thereof being perpendicular 
35 to each other; 

a light receiver (7) which converts the sum frequen- 
cy light outputted from the nonlinear optical crystal 
to an electric signal (d); 

a signal processing portion (8) which processes the 
40 electric signal outputted from the light receiver so 
as to display an optical pulse waveform (e) of the 
measuring object light; and 
control means (2, 5) for, when the sum frequency 
light (c) of the sampling light and the measuring ob- 
45 ject light is emitted from the nonlinear optical crys- 
tal, controlling the polarization direction of the sam- 
pling light so as to be parallel to a predetermined 
reference axis located within a plane perpendicular 
to a phase matching direction (15) of the nonlinear 
50 optical crystal, 

wherein the predetermined reference axis is a sin- 
gle axis maintaining parallelism with the crystalline axis 
of the nonlinear optical crystal even if the wavelength of 
55 inputted light is changed. 

[0053] According to a second aspect of the present 
invention, there is provided an optical sampling wave- 
form measuring apparatus according to the first aspect, 
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wherein the sampling light source is capable of emitting 
plural sampling lights each having a different wave- 
length and any one of the plural sampling lights is se- 
lected and emitted. 

[0054] According to a third aspect of the present in- 
vention, there is provided an optical sampling waveform 
measuring apparatus comprising: 

a sampling light source (4) which emits a sampling 
light (b) having a single polarization direction whose 
pulse width is smaller than that of an inputted meas- 
uring object light (a) having a single polarization di- 
rection; 

a multiplexer (3) which multiplexes the sampling 
light emitted from the sampling light source and the 
measuring object light on the same optical axis such 
that the polarization directions thereof are perpen- 
dicular to each other; 

a nonlinear optical crystal (1 0) composed of 2-ada- 
mantyl-5-nitorpyridine (AANP) allowing type 2 
phase matching to the sampling light and the meas- 
uring object light, which, when the sampling light 
and the measuring object light multiplexed by the 
multiplexer are entered, emits a sum frequency light 
(c) of the sampling light and the measuring object 
light, the sum frequency light having a sum angular 
frequency (Oq + 0)5, based on the measuring object 
light having an angular frequency o)q and the sam- 
pling light having an angular frequency (Oq, with the 
polarization directions thereof being perpendicular 
to each other; 

incident angle changing means (30) for changing 
an incident angle of each of the sampling light and 
measuring object light to be entered into the nonlin- 
ear optical crystal into the nonlinear optical crystal; 
a light receiver (7) which converts the sum frequen- 
cy light outputted from the nonlinear optical crystal 
to an electric signal (d); 

a signal processing portion (8) which processes the 
electric signal outputted from the light receiver so 
as to display an optical pulse waveform (e) of the 
measuring object light; and 
control means (2, 5) for, when the sum frequency 
light (c) of the sampling light and the measuring ob- 
ject light is emitted from the nonlinear optical crys- 
tal, controlling the polarization direction of the sam- 
pling light so as to be parallel to a predetermined 
reference axis located within a plane perpendicular 
to a phase matching direction (15) of the nonlinear 
optical crystal, 

wherein the predetermined reference axis is a sin- 
gle axis maintaining parallelism with the crystalline axis 
of the nonlinear optical crystal even if the wavelength of 
inputted light is changed. 

[0055] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 



scribed features. 

[0056] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

5 

FIG. 1 is a block diagram showing a schematic 
structure of an optical sampling waveform measur- 
ing apparatus according to an embodiment of the 
present invention; 
10 FIG. 2 is a schematic diagram showing a major 
structure of the optical sampling waveform measur- 
ing apparatus of FIG. 1; 

FIG. 3 is a diagram showing a molecular structure 
of AANP incorporated in the optical sampling wave- 

*5 form measuring apparatus of FIG. 1; 

FIG. 4 is a diagram showing a crystalline structure 
of the AANP incorporated in the optical sampling 
waveform measuring apparatus of FIG. 1; 
FIGS. 5A and 5B are diagrams showing a proce- 

20 dure for obtaining a phase matching direction in the 
AANP incorporated in the optical sampling wave- 
form measuring apparatus of FIG. 1 ; 
FIG. 6 is a diagram showing a relation between the 
wavelength of a measuring object light and phase 

25 matching angle in the optical sampling waveform 
measuring apparatus of FIG. 1 ; 
FIGS. 7A, 7B and 70 are diagrams for explaining a 
measurement principle of an optical pulse wave- 
form measurement for an optical signal using a sum 

30 frequency light; 

FIGS. 8A and 8B are diagrams for explaining optical 
characteristic of a nonlinear optical material main- 
taining type 2 phase matching; 
FIG. 9 is a block diagram showing a schematic 

35 structure of a conventional optical sampling wave- 
form measuring apparatus; 
FIG. 10 is a diagram showing waveform dependen- 
cy characteristic of SFG generation efficiency by the 
AANP incorporated in the optical sampling wave- 

40 form measuring apparatus of FIG. 1; 

FIG. 11 is a diagram showing a difference in con- 
version efficiency due to a difference in the inclina- 
tion of the crystalline angle due to the AANP incor- 
porated in the optical sampling waveform measur- 
es ing apparatus of FIG. 1 ; 

FIG. 12 is a diagram for explaining an incident angle 
of a nonlinear optical crystal; 
FIG. 13 is a diagram showing rotation angle de- 
pendency of SHG conversion efficiency; 

50 FIG. 14 is a diagram showing elevation angle de- 
pendency of the SHG conversion efficiency; 
FIG. 15 is a block diagram showing a schematic 
structure of an optical sampling waveform measur- 
ing apparatus according to a second embodiment 

55 of the present invention; 

FIG. 16 is a block diagram showing a schematic 
structure of an optical sampling waveform measur- 
ing apparatus according to a third embodiment of 
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the present invention; and 
FIG. 1 7 is a schematic structure diagram of incident 
angle changing means incorporated in the optical 
sampling waveform measuring apparatus accord- 
ing to the third embodiment of the present invention. 5 

[0057] Reference will now be made in detail to the 
presently preferred embodiments of the invention as il- 
lustrated in the accompanying drawings, in which like 
reference numerals designate like or corresponding 10 
parts. 

[0058] Hereinafter, an outline of the present invention 
will be described below. 

[0059] In an optical sampling waveform measuring 
apparatus of the present invention, organic nonlinear *5 
optical crystalline AANP is employed as a nonlinear op- 
tical crystal and a specific phase matching condition is 
applied thereto in order to generate a sum frequency 
light, so that the S/N of the sum frequency light emitted 
from the AANP of this organic nonlinear optical crystal 20 
is improved thereby improving measuring accuracy of 
an optical waveform of a measuring object light. 
[0060] As condition for generating the sum frequency 
light by type 2 phase matching for the measuring object 
light and sampling light, an optical axis of each of the 25 
measuring object light and sampling light which are mul- 
tiplexed so that the polarization directions thereof inter- 
sect each other is matched with the phase matching di- 
rection of the AAN P which is an organic nonlinear optical 
crystal and the polarization direction of each of the 30 
measuring object light and the sampling light is made 
parallel to or perpendicular to a predetermined refer- 
ence axis located within a plane perpendicular to the 
phase matching direction of the AANP. 
[0061] The predetermined reference axis is a single 35 
axis maintaining parallelism with the crystalline axis of 
the nonlinear optical crystal even if the wavelength of 
inputted light is changed. 

[0062] In this case, if with the incident angle (incident 
direction) of each of the measuring object light and the 40 
sampling light to the AANP so as to fix the wavelength 
of the sampling light, the wavelength of the measuring 
object light is changed, the phase matching direction is 
changed, so that phase matching is disabled. 
[0063] From this, it can be easily imagined that the *s 
measuring accuracy of the optical waveform drops cor- 
responding to a change amount of an angle in the phase 
matching direction. 

[0064] Therefore, it is desirable that there is a smaller 
change in the phase matching direction even if the so 
wavelength of the measuring object light is changed. 
[0065] As described above, the polarization direction 
of each of the measuring object light and the sampling 
light is made parallel to or perpendicular to a predeter- 
mined reference axis located within a plane perpendic- 55 
ular to the phase matching direction of the AANP. It has 
been made evident that there occurs a difference in the 
change amount of the phase matching direction in the 
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AANP depending upon the polarization direction of 
which light is made perpendicular to the predetermined 
reference axis. 

[0066] FIG. 6 shows an example of this. 
[0067] The characteristic A in FIG. 6 indicates a 
change in the phase matching angle when the wave- 
length of the measuring object light is changed, with the 
polarization direction of the measuring object light set 
perpendicular to the reference axis (axis "a" in this ex- 
ample) of the AANP crystal and polarization direction of 
the sampling light set parallel to the reference axis of 
the AANP crystal while the wavelength of the sampling 
light fixed. 

[0068] Conversely, the characteristic B in FIG. 6 indi- 
cates a change in the phase matching angle when the 
wavelength of the measuring object light is changed, 
with the polarization direction of the measuring object 
light set parallel to the reference axis of the AANP crystal 
and the polarization direction of the sampling light set 
perpendicular to the reference axis of the AANP crystal 
while the wavelength of the sampling light fixed. 
[0069] As indicated by the characteristic A in FIG. 6, 
when the polarization direction of the measuring object 
light is set perpendicular to the reference axis of the 
AANP crystal while the polarization direction of the sam- 
pling light is set parallel to the reference axis of the 
AANP crystal, it is easily understood that the change 
rate of the phase matching direction to a change in the 
wavelength of the measuring object light is smaller so 
that a measured optical waveform is unlikely to be af- 
fected by the variation in the wavelength of the measur- 
ing object light. 

[0070] Therefore, according to the present invention, 
the polarization direction of the measuring object light is 
set perpendicular to the reference axis of the AANP 
crystal, while the polarization direction of the sampling 
light is set parallel to the reference axis of the AANP 
crystal. 

[0071] Such setting condition enables to maintain 
necessary generation efficiency in a wider range even 
if the wavelength of the measuring object light is 
changed. 

[0072] The setting condition is contrary to the setting 
considered as optimum conventionally. 
[0073] In the meantime, the computation method and 
experimental data about the output of the second har- 
monic generation (SHG) light due to a deviation in angle 
from the phase matching angle are well known regard- 
ing the nonlinear optical crystal. 
[0074] For example, in case of the AANP, if the 
change in the output of the SHG light shown in FIG. 1 3 
due to an angle deviation (rotation angle) from the phase 
matching angle around the axis "a" as shown in FIG. 12 
is compared with the change in the output of the SHG 
light shown in FIG. 14 due to the angle deviation (ele- 
vation angle) from the phase matching angle around an 
axis perpendicular to the axis "a", apparently, the 
change rate of the latter (FIG. 14) is smaller than the 
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change rate of the former (FIG. 13). 

[0075] In other words, it is evident that the SHG light 

is sensitive to the angle deviation around the axis H a a 

and its generation amount changes insensitively to the 

angle deviation around the axis perpendicular the axis 

"a". 

[0076] Thus, in an optical system using the nonlinear 
optical crystal allowing type 2 phase matching without 
changing the relation in position of its optical compo- 
nents, the wavelength of a fixed wavelength light is not 
changed. Consequently, there is no changed in the op- 
tical axis due to aberration and dispersion of the optical 
components. Therefore, the polarization direction is set 
perpendicular to the axis "a". 

[0077] Because the optical axis of the other light 
whose wavelength is changed due to aberration or dis- 
persion of the optical component, its polarization direc- 
tion is set parallel to the axis "a". 
[0078] In the conventional optical sampling waveform 
measuring apparatus shown in FIG. 9, the measuring 
object light "a" is inputted as light whose wavelength is 
changed and the sampling light "b" is inputted as light 
whose wavelength is not changed. 
[0079] FIG. 1 0 is a diagram showing a result of exper- 
iment conducted employing the aforementioned setting 
condition. 

[0080] Although the nonlinear optical crystal is cut out 
perpendicular to the phase matching direction of light 
whose wavelength is scheduled to be used as described 
above, FIG. 10 shows a result of a case where light 
whose wavelength is different from the wavelength 
scheduled to be used is entered as fixed wavelength 
light (sampling light). 

[0081] In FIG. 10, its abscissa axis indicates the 
wavelength (nm) of the variable wavelength light (meas- 
uring object light) while its ordinate axis indicates rela- 
tive SFG conversion efficiency. 
[0082] More specifically, FIG. 10 shows conversion 
efficiency relative to the wavelength of the variable 
wavelength light when the wavelength of the fixed wave- 
length light is 1547 nm (characteristic (b) in FIG. 10), 
1552 nm (characteristic (a) in FIG. 10), 1557 nm (char- 
acteristic (c) in FIG. 10) in the optical system in which 
the first light a and the second light b are disposed such 
that their optical axes coincide with this phase matching 
direction in the AANP crystal cut out perpendicular to 
the phase matching direction to light whose wavelength 
is 1552 nm. 

[0083] From FIG. 1 0, it is evident that when the phase 
matching direction of the aforementioned AANP crystal 
coincides with the phase matching direction relative to 
the wavelength of fixed wavelength light (that is, the 
wavelength of the fixed wavelength light is 1552 nm, 
which is scheduled to be used), the band width in which 
the sum frequency light is generated is about 80 nm un- 
der the width of 3 dB. 

[0084] In this case, as indicated by the characteristic 
(a) of FIG. 10, a portion having a high conversion effi- 



ciency appears with the wavelength of the variable 
wavelength light being at peak of 1552 nm. 
[0085] However, if the fixed wavelength light having 
the wavelength of 1547 nm is entered, the peak of the 
5 conversion efficiency is shifted to the side of a longer 
wavelength as indicated by the characteristic (b) in FIG. 
10. 

[0086] On the other hand, if the fixed wavelength light 
having the wavelength of 1557 nm is entered, the peak 
10 of the conversion efficiency is shifted to the side of a 
shorter wavelength as indicated by the characteristic (c) 
in FIG. 10. 

[0087] From these matters, it is evident that in the 
same optical system employing the same AANP crystal, 
15 the wavelength range (band) of the variable wavelength 
light (measuring object light) capable of obtaining nec- 
essary sum frequency light generation efficiency can be 
shifted by changing the wavelength of the fixed wave- 
length light. 

20 [0088] FIG. 11 is a diagram showing conversion effi- 
ciency of the wavelength of the variable wavelength light 
in case where an angular shift around the axis "a" be- 
tween the phase matching direction and the optical axis 
is -1 ° (characteristic (b) in FIG. 1 1 ), 0° (characteristic (a) 

25 in FIG. 11) and +1° (characteristic (c) in FIG. 11), in an 
optical system capable of shifting the direction of the op- 
tical axis of light obtained by multiplexing the fixed wave- 
length light with the variable wavelength light from the 
phase matching direction, when the wavelength of the 

30 fixed wavelength light is 1552 nm relative to the AANP 
crystal cut out perpendicular to the phase matching di- 
rection corresponding to the light having the wavelength 
of 1 552 nm. 

[0089] In this case, the setting condition is the same 
35 as in FIG. 10, in which the polarization direction of the 
fixed wavelength light is set parallel to the reference axis 
(axis "a" in this case) of the AANP crystal. 
[0090] As evident from FIG. 11, in case where the 
phase matching direction coincides with the direction of 
40 the optical axis, a portion having a high conversion effi- 
ciency appears with the wavelength of the variable 
wavelength light being at peak of 1 552 nm as indicated 
by the characteristic (a) of FIG. 11 . 
[0091] However, if the angle is shifted by -1 P , the peak 
45 of the conversion efficiency is shifted to the side of a 
longer wavelength as indicated by the characteristic (b) 
in FIG. 11. 

[0092] On the other hand, if the angle is shifted by +1 °, 
the peak of the conversion efficiency is shifted to the 
50 side of a shorter wavelength as indicated by the char- 
acteristic (c) in FIG. 11. 

[0093] These matters indicate that in the same optical 
system using the same AANP crystal, the wavelength 
range (band) of the variable length light (measuring ob- 
55 ject light) capable of obtaining necessary sum frequency 
light generation efficiency can be shifted by changing 
the incident angle of light. 

[0094] In the present invention, basically, if with re- 
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spect to an AANP nonlinear optical crystal having a 
plane perpendicular to the phase matching direction rel- 
ative to the fixed wavelength of the sampling light, for 
example, the axis u a" located within that plane is regard- 
ed as the reference axis, the polarization direction of the 
measuring object light is set at right angle to the refer- 
ence axis (axis u a a ) of the crystal while the polarization 
direction of the sampling light is set parallel to the refer- 
ence axis (axis "a") of the crystal. 
[0095] However, substantially, if the polarization di- 
rection of the measuring object light is set at right angle 
to the reference axis located within the plane perpen- 
dicular to the phase matching direction of a cut out crys- 
tal while the polarization direction of the sampling light 
is set parallel to the reference axis, the characteristic A 
in FIG. 6 is obtained, thereby making it possible to real- 
ize phase matching in a wider band. 
[0096] That is, because the band for use in the optical 
sampling waveform measuring apparatus can be wid- 
ened, it is possible to achieve an optical sampling wave- 
form measuring apparatus having a measuring band of 
80 nm or more. 

[0097] Next, the embodiments of the present inven- 
tion based on the above-described outline will be de- 
scribed with reference to the accompanying drawings. 

(First Embodiment) 

[0098] FIG. 1 is a block diagram showing a schematic 
structure of an optical sampling waveform measuring 
apparatus according to a first embodiment of the 
present invention. 

[0099] In FIG. 1 , like reference numerals are attached 
to the same components as a conventional optical sam- 
pling waveform measuring apparatus shown in FIG. 9 
and a detail description of duplicated portions is omitted. 
[01 00] The optical sampling waveform measuring ap- 
paratus of this embodiment includes an AANP 10 which 
is an organic nonlinear optical crystal instead of an in- 
organic nonlinear optical material 1 such as KTP, LN, 
LT, KN and the like allowing type 2 phase matching in 
the conventional optical sampling waveform measuring 
apparatus shown in FIG. 9. 

[0101] This AANP 10 has a molecular structure 
shown in FIG. 3 and a crystalline structure shown in FIG. 
4. 

[0102] In the crystalline structure shown in FIG. 4, the 
axis M a" indicates a reference axis while axes "b" and "c" 
intersect the axis "a". 

[0103] A method for determining the phase matching 
direction in the AANP 1 0 which is an organic nonlinear 
optical crystal will be described with reference to FIGS. 
5A and 5B. 

[0104] As described above, the direction connecting 
an intersection 14 between a refractivity ellipsoid 12 of 
a sampling light "b" and refractivity ellipsoid 13 of a sum 
frequency light "c" with the coordinate home position is 
regarded as a phase matching direction 15 and the op- 



tical axis of the incident light (measuring object light "a", 
sampling light M b M ) is matched with the phase matching 
direction 15 within refractivity three-dimensional coordi- 
nate of xyz (abc) in the crystal. 
5 [0105] More specifically, as shown in FIG. 5 B, a rec- 
tangular pipe or cylinder cut out from a large material 
(block) of the AANP which is an organic nonlinear optical 
crystal, such that it has a plane 11 perpendicular to the 
phase matching direction 15 is employed as the AANP 
10. 

[0106] A rectangular pipe like or cylindrical AANP 10 
having the plane 11 perpendicular to the phase match- 
ing direction 15, cut out from the large material (block) 
is supported with a supporting frame 1 8 made of epoxy 
resin through an AR coating glass 1 7 as shown in FIG. 2. 
[0107] The posture angle of the rectangular pipe like 
or cylindrical AANP 10 is set up such that the axis "a" 
which is a reference axis of the AANP 10 crystal, pro- 
jected to the plane 11 intersecting the phase matching 
direction 1 5 is parallel to a side 1 8a. 
[0108] A single optical axis 1 6 of the measuring object 
light "a" and the sampling light "b" multiplexed such that 
the polarization directions thereof intersect each other 
with a multiplexer 3 is set up so as to be perpendicular 
to the plane 11 of the AANP 10 intersecting the phase 
matching direction 15. 

[0109] In this case, the polarization direction of the 
measuring object light "a" is set up at right angle to the 
axis "a" which is the reference axis of the AANP 1 0 crys- 
tal as shown in FIG. 2. 

[0110] As a result, the polarization direction of the 
sampling light "b" is set up parallel to the axis "a" which 
is the reference axis of the AANP 10 crystal. 
[0111] About the sampling waveform measuring ap- 
paratus of this embodiment, a case where the phase 
matching angle is 90° will be described. 
[0112] In this case, although the axis "a", which is the 
reference axis of the AANP 1 0 crystal, serves as the ref- 
erence axis, the phase matching angle 0 may be some- 
times 90° depending on the wavelength of light to be 
entered and when the phase matching angle 6 is 90°, 
the axis c of the AAN P 1 0 crystal serves as the reference 
axis. 

[0113] In the optical sampling waveform measuring 
apparatus having such a structure, a measuring object 
light "a" having a repeated frequency T of a pulse wave- 
form with an angular frequency (Oq of light entered from 
outside is controlled with a polarization direction control- 
ler 2 so that its polarization direction is along the refer- 
ence direction (0° direction) and after that, entered into 
the multiplexer 3. 

[0114] On the other hand, a sampling light source 4 
outputs the sampling light n b B having the repetition fre- 
quency (f-Af) of a pulse waveform with an angular fre- 
quency G) S . 

[01 1 5] The sampling light u b K outputted from this sam- 
pling light source 4 is controlled to 90° relative to the 
reference direction (0° direction) in terms of its polariza- 
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tion direction by the polarization direction controller 5 
and after that, entered into the multiplexer 3. 
[0116] Here, the multiplexer 3 incorporated in a half 
mirror 3a allows the measuring object light "a" to ad- 
vance and simultaneously reflects the sampling light "b M 
at right angle. 

[0117] Therefore, the measuring object light °a° and 
the sampling light °b u emitted from this multiplexer 3 in- 
tersect each other in their polarization directions and are 
multiplexed through a single optical axis 16. 
[0118] Light obtained by multiplexing the measuring 
object light "a" and the sampling light "b" emitted from 
the multiplexer 3 is entered into the plane (incident face) 
11 of the AANP 10, which is an organic nonlinear optical 
crystal allowing type 2 phase matching disposed on the 
optical axis 1 6. 

[0119] The condition in which the measuring object 
light "a" and the sampling light "b" are incident to the 
AANP 10 is the same as described with FIG. 2. 
[0120] Therefore, the sum frequency light "c" having 
an angular frequency (o) s + c&d) which is a sum of an 
angular frequency w s of the measuring object light "a" 
and an angular frequency o>d of the sampling light "b", 
is outputted from the other face of the AANP 1 0, which 
is the organic nonlinear optical crystal allowing the type 
2 phase matching. 

[0121] The sum frequency light "c" outputted from the 
AANP 10 in this way is entered into a light receiver 7 
through an optical filter 6. 

[01 22] This light receiver 7 converts the sum frequen- 
cy light "c" to an electric signal "d" and transmits it to an 
electric signal processing system 8 on a next stage. 
[0123] This electric signal processing system 8 cre- 
ates the optical pulse waveform "e" of the measuring 
object light "a" enlarged in the time axis direction from 
an electric signal M d" having the same waveform as the 
inputted sum frequency light "c M shown in FIG. 7C ac- 
cording to the aforementioned method and outputs it to 
a display unit 9 so that it is displayed. 
[0124] As described above, a nonlinear conversion 
efficiency constant t\ of the AANP 1 0 which is the organ- 
ic nonlinear optical crystal used in this sampling wave- 
form measuring apparatus is by far higher than a non- 
linear conversion efficiency constant t| of an inorganic 
nonlinear optical material. 

[0125] Therefore, such a sampling waveform meas- 
uring apparatus is capable of improving the S/N ratio of 
the sum frequency light M c tt emitted from the AANP 10 
which is the organic nonlinear optical crystal thereby im- 
proving the measuring accuracy of the optical pulse "e" 
to be finally outputted to and displayed on the display 
unit 9. 

[0126] Further, this sampling waveform measuring 
apparatus matches the optical axes 1 6 of the measuring 
object light "a" and the sampling light "b" multiplexed 
such that the polarization directions thereof intersect 
each other with the phase matching direction 15 of the 
AANP 1 0 as a condition forthe AANP 1 0 to maintain the 



type 2 phase matching to the measuring object light "a" 
and the sampling light "b", and sets the polarization di- 
rection of the measuring object light "a" whose wave- 
length changes depending upon a measuring object at 
5 right angle to the reference axis of the AAN P 1 0 crystal 
(axis "a" in this embodiment) while setting the sampling 
light "b" which is a fixed wavelength parallel to the ref- 
erence axis of the crystal, in order to widen the meas- 
uring object wavelength band. 
[01 27] According to this sampling waveform measur- 
ing apparatus, as shown in FIG. 6, if the polarization di- 
rection of the measuring object light "a" indicated by the 
characteristic A is set at right angle to the reference axis 
of the AANP 10 crystal while the polarization direction 
of the sampling light n b u is set parallel to the reference 
axis of the crystal, the change rate of the phase match- 
ing direction 15 relative to a change in the wavelength 
of the measuring object light "a" is smaller as compared 
to a case where the polarization direction of the meas- 
uring object light "a" indicated by the characteristic B is 
set parallel to the reference axis of the crystal. Conse- 
quently, this sampling waveform measuring apparatus 
can suppress the wavelength dependency of an optical 
sampling oscilloscope to as low as 80 nm. 

(Second Embodiment) 

[0128] FIG. 15 is a block diagram showing a schemat- 
ic structure of an optical sampling waveform measuring 
apparatus according to a second embodiment of the 
present invention. 

[0129] In FIG. 15, like reference numerals are at- 
tached to the same components as the optical sampling 
waveform measuring apparatus shown in FIG. 1 and a 
detailed description of duplicated portion is omitted. 
[0130] This optical sampling waveform measuring ap- 
paratus shown in FIG. 15 is different from the optical 
sampling waveform measuring apparatus shown in FIG. 
1 in that in FIG. 15, by using a sampling light source 20 
comprised of a multi-wavelength light source 21 capable 
of emitting lights of multiple wavelengths and an optical 
path switching device 22 selectively emitting one of the 
lights of the multiple wavelengths, it is capable of chang- 
ing the wavelength of the sampling light "b" instead of 
the sampling light source 4 emitting light of a single 
wavelength shown in FIG. 1. 

[0131] In this case, it is permissible to employ a vari- 
able wavelength sampling light source capable of 
changing the wavelength so that the sampling light n b M 
is emitted to a fixed point within the variable wavelength 
range while the one point is selectable from plural points 
so as to change the wavelength of the sampling light n b M . 
[0132] By changing the wavelength of the sampling 
light "b" to for example, 1547 nm, 1552 nm or 1557 nm 
using the sampling light source 20, it is possible to re- 
alize an optical sampling waveform measuring appara- 
tus capable of corresponding to a measuring object light 
"a" of a wider band than that of a single wavelength as 
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shown in FIG. 10. 
(Third Embodiment) 

[0133] FIG. 16 is a block diagram showing the sche- 
matic structure of an optical sampling waveform meas- 
uring apparatus according to a third embodiment of the 
present invention. 

[0134] In FIG. 16, like reference numerals are at- 
tached to the same components as the optical sampling 
waveform measuring apparatus shown in FIG. 1 and a 
detailed description of duplicated portion is omitted. 
[0135] The optical sampling waveform measuring ap- 
paratus shown in FIG. 16 is different from the optical 
sampling waveform measuring apparatus shown in FIG. 
1 in provision of incident angle changing means 30 for 
changing the incident angle of the sampling light "b" and 
the measuring object light "a" into the AANP 10. 
[0136] This incident angle changing means 30 com- 
prises, for example, a fine rotation stage 30a with micro 
meter. 

[0137] For example, as shown in FIG. 17, the AANP 
10 which is a nonlinear optica! crystal, is set to the fine 
rotation stage 30a with micro (u.) meter, and by rotating 
the fine rotation stage 30a with micro (p.) meter, the in- 
cident angle of the sampling light "b w and the measuring 
object light "a" to be entered into the AANP 10 is 
changed. 

[0138] Then, by with the wavelength of the sampling 
light "b" 1552 nm, changing the incident angle to the 
AANP 10 to three states, that is, a state in which the 
plane 11 of the AANP 10 is perpendicular to the optical 
axis, or states in which the plane 11 is rotated by 1° to 
the right/left around the axis "a" by means of the incident 
angle changing means 30, it is possible to realize an 
optical sampling waveform measuring apparatus capa- 
ble of corresponding to a measuring object light "a" of a 
wider band than that when the light impinges perpen- 
dicular to the plane 11 as shown in FIG. 11 . 
[0139] As described above, in the optical sampling 
waveform measuring apparatus of the present inven- 
tion, the optical axes of the measuring object light and 
sampling light are matched with the phase matching di- 
rection of the AANP which is a nonlinear optical crystal 
and the polarization direction of the measuring object 
light is set at right angle to the reference axis of the 
AAN P crystal while the polarization direction of the sam- 
pling light is set parallel to the reference axis of the 
AANP crystal. 

[01 40] Therefore, such an optical sampling waveform 
measuring apparatus can suppress the change rate of 
the phase matching direction of the AANP which is a 
nonlinear optical crystal to a minimum extent even if a 
measuring object light having a different wavelength is 
entered. Consequently, the change in the measuring ob- 
ject light of a measured wavelength due to the change 
in the wavelength can be suppressed to as low as 80 
nm under the band width of 3 dB. As a result, the meas- 



uring object wavelength range of an optical sampling os- 
cilloscope can be expanded. 

[01 41 ] Further, the optical sampling waveform meas- 
uring apparatus having a sampling light source capable 
5 of emitting a sampling light of a different wavelength as 
a sampling light source can correspond to a measuring 
object light of a wider band than an apparatus which 
emits only a sampling light of a single kind of the wave- 
length. 

w [0142] Therefore, as described in detail above, ac- 
cording to the present invention, it is possible to provide 
an optical sampling waveform measuring apparatus 
suitable for a measuring object light of a wider band than 
that of the conventional example, in which a specific 

15 phase matching condition is applied to the AANP 10, 
which is a nonlinear optical crystal generating a sum fre- 
quency light of the sampling light and the measuring ob- 
ject light, so that the 3 dB band width of the sum fre- 
quency light generation efficiency is increased twofold 

20 or more as compared to the conventional example so 
as to ensure a measuring object band of 80 nm or more. 



1. An optical sampling waveform measuring appara- 
tus characterized by comprising: 



a sampling light source (4) which emits a sam- 
30 pling light having a single polarization direction 

whose pulse width is smaller than that of an in- 
putted measuring object light having a single 
polarization direction; 

a multiplexer (3) which multiplexes (3) the sam- 
35 pling light emitted from said sampling light 

source (4) and the measuring object light on the 
same optical axis such that the polarization di- 
rections thereof are perpendicular to each oth- 
er; 

a nonlinear optical crystal (10) composed of 
2-adamantyl-5-nitorpyridine (AANP) allowing 
type 2 phase matching to the sampling light and 
the measuring object light, which, when the 
sampling light and the measuring object light 

45 multiplexed by said multiplexer (3) are entered, 

emits a sum frequency light of said sampling 
light and said measuring object light, said sum 
frequency light having a sum angular frequency 
coq + u>s, based on said measuring object light 

so having an angular frequency and said sam- 

pling light having an angular frequency 03, with 
the polarization directions thereof being per- 
pendicular to each other; 
a light receiver (7) which converts the sum fre- 

55 quency light outputted from said nonlinear op- 

tical crystal (10) to an electric signal; 
a signal processing portion (8) which processes 
the electric signal outputted from said light re- 
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2. 



ceiver (7) so as to display an optical pulse 
waveform of said measuring object light; and 
control means (2, 5) for, when the sum frequen- 
cy light of said sampling light and said measur- 
ing object light is emitted from said nonlinear 
optical crystal (10), controlling the polarization 
direction of said sampling light so as to be par- 
allel to a predetermined reference axis located 
within a plane perpendicular to a phase match- 
ing direction of said nonlinear optical crystal 
(10), 

wherein said predetermined reference axis is 
a single axis maintaining parallelism with the crys- 
talline axis of said nonlinear optical crystal (1 0) even 
if the wavelength of inputted light is changed. 

An optical sampling waveform measuring appara- 
tus according to claim 1 , characterized in that said 
sampling light source (4) is capable of emitting plu- 
ral sampling lights each having a different wave- 
length and any one of the plural sampling lights is 
selected and emitted. 



quency light outputted from said nonlinear op- 
tical crystal (10) to an electric signal; 
a signal processing portion (8) which processes 
the electric signal outputted from said light re- 

5 ceiver (7) so as to display an optical pulse 

waveform of said measuring object light; and 
control means (2, 5) for, when the sum frequen- 
cy light of said sampling light and said measur- 
ing object light is emitted from said nonlinear 

10 optical crystal (10), controlling the polarization 

direction of said sampling light so as to be par- 
allel to a predetermined reference axis located 
within a plane perpendicular to a phase match- 
ing direction of said nonlinear optical crystal 

15 (10), 

wherein said predetermined reference axis is 
a single axis maintaining parallelism with the crys- 
talline axis of said nonlinear optical crystal (10) even 
20 if the wavelength of inputted light is changed. 



3. An optical sampling waveform measuring appara- 25 
tus characterized by comprising: 

a sampling light source (4) which emits a sam- 
pling light having a single polarization direction 
whose pulse width is smaller than that of an in- 30 
putted measuring object light having a single 
polarization direction; 

a multiplexer (3) which multiplexes the sam- 
pling light emitted from said sampling light 
source (4) and the measuring object light on the 35 
same optical axis such that the polarization di- 
rections thereof are perpendicular to each oth- 
er; 

a nonlinear optical crystal (10) composed of 
2-adamantyl-5-nitorpyridine (AANP) allowing 40 
type 2 phase matching to the sampling light and 
the measuring object light, which, when the 
sampling light and the measuring object light 
multiplexed by said multiplexer (3) are entered, 
emits a sum frequency light of said sampling 
light and said measuring object light, said sum 
frequency light having a sum angularfrequency 
(Oq + a) s , based on said measuring object light 
having an angularfrequency cdq and said sam- 
pling light having an angularfrequency 0)3, with so 
the polarization directions thereof being per- 
pendicular to each other; 
incident angle changing means (30) for chang- 
ing an incident angle of each of the sampling 
light and measuring object light to be entered 55 
into said nonlinear optical crystal (10) into said 
nonlinear optical crystal; 
a light receiver (7) which converts the sum fre- 
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